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Urethane and uthm e-ura, elasts•ers were prepared and their properties

evaluated this third quarter. 7he loa temperature fleodbilty specific•-

tion was met for the first time by an elastoamr prepared and tested this

quarter (PR 1622-K, Table III). This elastmer was prepared by using dlol

triol blends which serve as mutual plasticizers reducing the crystallinity

of the individual polyols at low temperatures. Ods approach has produced

elastcoers with the best low temperature properties of any yet prepared.

The diol cozponents had a mesor effect on lowering torsional modulus at

"-55C.

The type of diisocyanate was varied on a 4500 molecular vei•it polyether

triol (Pluracol, WE 451 2)-o-dichlorobemidene (DCB), 1/1 N2a/C0 ratio

elastomers. Quasi prepolymers were prepared for this diisocyanate study

in order to obtain liquid dilsocyanate components. Properties varied

considerably with variation of the diisocyanate.

Urethane elastcaers containing no urea linkages were evaluated and

ccopared to similar elastamers containing urea linkages in attempt

to evaluate more closely the effect of the various components, urethane,

urea, and polyether backbone on properties of the resultant elastamers.
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T0here are military needs for materials that are chemical and oil resistant

and possess elastomeric properties over a broad range of climatic conditions

rang from that encountered in the tropics to the arctic regions. MXny

Scomercial urethane elastomers possess properties which make them serviceable

under normal or more prevalent conditions. However, they do not possess the

I combined properties of low temperature flexibility and oil resistance.

The objective of this program is the development of a urethane elastcmer(s)

with the following target properties:

a. Tensile Strength - 1200 psi. Min. (AST1 D412).

b. Ultimate Elongation - 200% Mi. (ASTi 1*12).

c. Compression Set, ASTd D395, Method B,
after 70 Hrs. at 212"F. - Max. 50%.

d. Compression Set, ASTM D1229,
or Hrs. at -67"C. - Mx. 50%.

e. Oil Swelling, AS3 No. 3 Oil
70 Hrs. at 212*F. - Limits 0 to 10% (AS7! D471).

"f. No cracks, breaks, fissures after testing in
accordance with ASTK D7T6 at -67"F.

[ g. Young's Modulus of Elasticity at -67*Y.
max. 10,000 psi. (ASnM D1053).

h. Uncured and cured elastomers shall be stable for extended
"periods of storage at ambient temperatures. Little or no
chang in properties shall be observed after storage for
periods up to 2 years. - Max. 10%.

I. Vulcanizates of the elastamer shall show retention of a
minim• m of 75$ of original tensile wad elongation after
70 hours in a circulating air oven at 212*F. (A8M D573-53).

I Although the final elastomer(s) are not limited to the above target proper-

ties, the key targets for achievement are (e) and (g).



2.

A review of the properties of urethane elastomers which had previously

been developed at Wyandotte, revealed a trend tovwrds improved low te•er-

ature flexibility vhen higher molecular weight polyether polyols were used.

Theoretical considerations indicated that if higher molecular weight poly-

ether polyols were to be used, the low temperature flexibility performance

could be improved. Oil resistance requirements were met by certain Wyandotte

developed polyether elastamere based on lower molecular weight polyether

polyols. However, as the polyether molecular weight increased, the oil re-

sistance dropped. A survey of the open urethane literature and data from

Wyandotte urethane research revealed that solvent (oil) resistance may be

improved by a number of factors, including types of diamine, diisocyanste

and polyol used and variations of same. The problem, in view of the above

considerations, has been resolved to gaining low temperature flexibility

by the use of high molecular weight polyether polyols and investigating

which of the factors that improve the solvent (oil) resistance does not

appreciably affect the low temperature flexibility. In addition to high

molecular weight polyether polyols, it is anticipated that other types of

high molecular weight polyols may be used, e.g. polyesters. By using

blends of polyols, it is expected that they may be mutually plasticizing

at low temperatures.

During the first quarter a statistically designed set of experiments

investigating 5 variables at two levels were completed. This Investigation

was based on the above considerations. Two aroa tic diamines (MOCA and DOB)

were compared at two levels of amine to hydroxyl ratio. Two aromatic

diisocyantes (TDI and NDI) at two levels of concentration were also

compared. Two polyols of 1500 equivalent weight were utilized to romd
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T"[! out the five variables. These polyols are Plu•aol P-14542 and Teracol

30. The use of ortho dichlorobenzidine (DCB) at a 1.5 KHa/0B ratio in

combination with tolylene diisocyanate aid the polypropylene-ethylene

ether triol came the closest to meeting the Army specification for an

oil resistant rubber with good low temperature flexibility.

Preparation and evaluation of urethane-urea elastomers were continued in

the second quarter. Based on work performed in the first quarter, dichloro-

benzidine (DCB) and toluene dlisocyanate were the diamine and diisocyanate

chosen for the bulk of this work. The amine to hydrcoxyl ratio was varied

on urethane-urea elastomer formulations based on two polyether triols, a

5200 molecular weight polypropylene ether triol and a 7000 molecular weight

polyether triol containing a large percentage of ethylene oxide. The amine

to hydroxyl ratio was varied from 1.5 to 2.5 in the series based on the

former triol, from 1.5 to 10 on the latter triol. There vs surprisingly

little variation in torsional modulus at -55*C. with variations in amine

to hydroxyl ratio, even over the range from 1.5 to 10.0/1. However, as the

amine to hydroxyl ratio increased from 1.5/1 to 10/1, the room temperature

torsional modulus increased from 260 to 3200. Introduction of ethylene

oxide into the polyether chain decreases the oil absorption at the expense

of increased uter absorption.

In the past third quarter the above studies were continued. Other

isocyanates were investigated and mutual plasticizing effects of blends

of polyols were investigated.

lI
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TMPdDUUTkL PROCZWM

The experimental procedure vs essentially the same as described in

Qurterly Progress Report 2, 1 January 1963. Efforts to remove

unsaturation in the polyethers have been initiated. Ihis will be

reported next quarter together with properties of elastcmers pre-

pared frcm these improved polyols. A new Clash-Berg torsional

modulus apparatus has been purchased that permits measurement of 12

samples successively. This apparatus will permit efficient evaluation

of low temperature torsional modulus of elastomers over a temperature

range.

0
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MRSUIWS AND DISCUSSICE

Table I lists properties of elastomers prepared from 70-30 blends of 5200

molecular veight polypropylene ether triol or tetrol-polytetramethylene

glycol (Teracol 30, 3000 molecular weight). The triol based o-dichloro-

benzidine (DCB)-toluene dilsocyanate (TDI) elastomers had better low

temperature torsional moduli. Table I also lists the effect of

plasticizing these formulations, using either a liquid medium nitrile

rubber (Hycar 1312X4) or a polyether triol (molecular wvight = 22,000).

It was found that the liquid nitrile rubber did not appreciably affect

the oil resistance of the elastomers but adversely affected their low tem-

perature flexibility. The elastomers prepared with the high molecular

weight polyether had an improvement in low temperature torsional moduli

but were wvak at room temperature.

Table II lists a comparison of urethane-urea elastomers prepared from a

4500 molecular weight triol (Pluracol TPE-4542) and the 5200 molecular weight

polypropylene ether triol with blends of these triols with crystallizing diols.

In these elastomers, the diamine was DCB, the diisocyanate TDI. At -550C.,

the blends of triol and 3000 molecular wvight polytetramthylene ether glycol

(Teracol 30) have better torsional moduli than the elastamers based solely on

the triols. The elastower containing 30% Pluracol z-6000 (6000 molecular

weight polyethylene oxide) had poor torsional modulus at -55C0. Apparently

the 30 of Pluracol z-6000 in this elastomer is too much, leading to crystal-

lization at -55"C.
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In Table In', Pagination No. PR1622-K, an elastomer containing only 20|

Pluracol :6000 and 30 Teracol 30 had excellent torslonal modulus at -55*C.,.

meeting the specification. The raining polyol was Pluracol T-PZ.542, the

diamine DCB and the diisocyanate TDI. Ccomariscn could be mde between

elastcmers PR1622-F, Table I and PR1622-H, Table IIIn in x•ich each elas-

tomer was plasticized with the 22,000 molecular weight triol. The effects

on properties were similar to those on the unplasticized elastamers, PR162-B

and PR1622-I, Table II.

Table IV lists the effect of various diisocyanates on the properties of

Pluracol TPE4542-DCB based elastumers. Quasi-prepolymers were prepared at

a 4/1 NCO/cH ratio from Pluracol TPE-4542 and each of the diisocyanates and

these prepolymers were reacted with a Pluracol TPE-4542-DCB blend. By using

this technique, developed last quarter, it was possible to process these

diisocyanates more easily into the final elastomer. Table V lists stress-

strain properties of these elastcmers at elevated temperatures run at Rock

Island Arsenal (R. I. Lab Report 63-ES-31). p-Phenylene diisocyanate, 1,5-

naphthalene diisocyanate and bitolylene diisocyanate each are interesting

when compared to tolylene diisocyanate due to their superior stress-strain

properties, both at ambient and elevated temperatures, improved oil re-

sistance, and lower water absorption, at the expense of slightly higher low

temperature torsional modulus and somewhat increased processing difficulties.

Table VI lists properties of additional samples which were prepared from

Pluracol TPZ-4542 and the various diisocyanates, omitting all diamines.

These samples had very low mechanical strength due to the fact that they had

no reinforcing urea linkages. Low temperature torsional moduli were similar.

I:.
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Table VII lists properties of urethane polymers prepared from various

polyols and TDI. Again, these polymers had low mechanical strength due

to the lack of urea linkagas. he one exception in the Tereol 30 polymer

in %ftch the crystallinity of the polymer on stretching provided the rein-

forcement. However, this same polymer also crystallized at low temperature,

providing poor low temperature flexibility. As the urethane content of the

polypropylene ether triols decreased, and the triol cross-lnkin decreased,

the flexibility at -550C. improved.

Ii
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cMIzSICHI

I. Blends of diols and polypropylene ether triols ccbined with ortho-

dichlorobenzidine and toluene diisocyanate at a 1/1 NH2/CE ratio my

be utilized to prepare elastomers that meet the low temperature flex-

ibility requirements.

II. Although certain of these diol5 may be crystallizing at -55*C. uhen

used as the sole polyol in the urethane-urea elastaners, when blended

with other polyols, they are plasticized, reducing this tendency to

crystallize. However they still tend to crystallize on stretching,

thereby improving the tensile strength.

III. Urethane polymers containing no urea linkages offer a convenient

method of measuring the potential of polymers based on a polyol system

to meet low temperature torsional modulus requirements.

IV. Te effect of various dilsocymnates on properties of the urethane-urea

elastomers has been characterized. Several of the elastaners prepared

from these dilsocyanates have improved oil resistance and mechanical

strength both at ambient and elevated temperatures. These diisocyanates

were p-phmnylene diisocyat., 1, 5-naphthalene dilsocyanate, and bitoly-

lene dilsocyanate. However, they had sllhtly higher low tenperature

modulus and were more difficult to process.
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IWM PROMAX

A program for next quarter is outlined below. This quarter, it has been

proven that the low teperature flexibility my be attained by blends of

high molecular weight polypropylene ether triols and crystalline diols.

However, the oil absorption remaIns a problem. Also, the mechanical strength

tends to be scoe•hat low vhen the high molecular weight polypropylene ether

triols are used. The primary approaches to be used next quarter to improve

these deficits are:

T. The high molecular weight triols will be "cleaned up" by removing

most of the impuritles that cause chain termination.

2. Other crystalline high molecular weight diols will be tried,

Including polyester diols. By varying the diol content, the

effect of triol cross-link density will be characterized.

3. Other candidate diamines will be tried, including:

A. p,p'-Disauno sulfone

B. p,p'-Diemino diphenyl oxide

C. m, q,p-Phenylene disaines containing negative substitution

on the benaene ring.

D. Other candidate diamines

I. More work with dilsoeyanates:

A. phebnyloxide diisoyanate

B. Dmee dilsocyanate

C. p-Phenylene ditsocyamte

D. 1,54Iaphthalene diisooymawte

Z. B3tolylene dilsocnymte

F. Other candidate diisoeyanates
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5.Blends of bigh molecular veleftt po1yetber polyols amd

assorted low molecular vewLgt polyols.

6. Ilastcmers based on assorted. &"-'on oxide block and

hetoeroeeous bigh molecular veight polyols.

7. On request, sny of the more interesting elast•mers vill

be mac•ine cast, providing the ray materials are available

in sufficient quantities.

8. Preparation of uretbane-urea el3stwers containiMn no

urethane or urea hydrogens.

I
I


